In this study, we have investigated the diversity of current HIV-1 strains circulating in the metropolitan area of Lisbon, Portugal. A total of 217 HIV-1-positive blood samples, collected between October 1998 and December 2000, was genetically characterized in the gp120 C2V3C3 region (n 5 205) or part of the gp41 N-terminal segment (n 5 12) by heteroduplex mobility assay (HMA) and/or DNA sequencing. The HMA subtyping efficiency (number of samples unambiguously subtyped by HMA divided by the total number of samples subtyped) was 65.9% (143 of 217), with indeterminate migration patterns of subtype A and G strains contributing significantly to this value. On the overall, subtype B was the most prevalent (50.2%), followed by subtypes G (21.7%), A (17.5%), and F (5.5%), whereas subtypes C, D, H, and J accounted altogether for 5.1% of the infections. Non-B subtypes were responsible for 77.4 and 33.1% of the infections among African immigrants and Portuguese subjects, respectively. Angolan individuals (n 5 25) were the only ones infected with all the HIV-1 subtypes documented, probably reflecting a high degree of viral genetic diversification in their country of origin. Phylogenetic analysis showed a predominance of IbNG-like viruses among subtype A sequences and two new major subclusters within subtype G (G P and G P 9). The majority of the Portuguese G sequences described formed a well-defined subcluster (G P ), supported by bootstrap values .90%, phylogenetically distant from clade G sequences in databases. gag (p24/p7) sequence analysis of these variants confirmed the maintenance of the subtype G subclusters. The multiple subclustering observed for the major clades A, B, D, and G, as well as the variety of subtypes found, indicate a high diversity of HIV-1 variants circulating in Portugal and suggest a need for continuous epidemiologic surveillance. 313 
INTRODUCTION T
HE FIRST CASE OF HIV-1 infection in Portugal was described in 1983, at about the same time the virus was reported in other Western European countries and the United States. Since 1991, the HIV seroprevalence rates have increased rapidly. By the end of 1999, the estimated number of people, aged 15-49 years, living with HIV/AIDS in Portugal was 36,000, corresponding to an adult prevalence of 0.74%, the highest value in Western Europe. 1 After an initial period dominated by homosexual transmission, a shift toward transmission through heterosexual contacts and drug injection was noticed. Nowadays, intravenous drug users (IVDUs) are the main risk group in the epidemics and account for 58% of the AIDS cases diagnosed in 1999. 2 One of the most outstanding properties of HIV is its unusually high genetic variability. HIV-1 sequence data accumulated in the last two decades revealed three distinct lineages: M (main), O (outlier), and N (new or non-M, non-O). Viruses from group M dominate the pandemic and include 9 major clades (A-D, F-H, J, and K) and 12 recombinant circulating forms (CRFs) (HIV Sequence Database, http://hiv-web.lanl.gov/). Within some subtypes further phylogenetic structure can be identified, leading to a classification into subsubtypes. 3 Despite the increasing amount of data attempting to assign distinct biological properties to individual HIV subtypes, 4 differences in transmission and disease progression rates and in antiretroviral susceptibility, as well as its importance for vaccine design, still need clarification. However, phylogenetic analysis of circulating viruses has proved useful in tracking the spread of HIV in different populations and geographic regions. Therefore, this information is fundamental in defining strategies for the prevention and control of infection as well as for the implementation of proper diagnostic tests and viral load assays.
The greatest diversity of HIV-1 strains was demonstrated in sub-Saharan Africa, where all the subtypes have been found. 4 In Europe, HIV-1 infection is currently dominated by subtype B but a growing mixture of HIV-1 subtypes has been reported. Studies in France, 5, 6 Sweden, 7 Denmark, 8 Switzerland, 9 the United Kingdom, 10 Spain, 11, 12 Greece, 13 Cyprus, 14 Belgium, 15, 16 The Netherlands, 16 Germany, 17 Italy, 18 Austria, 19 Norway, 20 and Eastern Europe [21] [22] [23] [24] [25] [26] [27] have detected most of the group M clades. Group O has been reported in France, 6 Germany, 28 Belgium, 29 and Spain. 30 Most of the non-B HIV-1 subtypes described for European countries originated from African immigrants and European natives who acquired these strains abroad or by contact with immigrants. Portugal has strong historic links and maintains ongoing relationships with several (mainly West) African countries endemic for HIV. The potential for introduction of multiple HIV-1 subtypes in Portugal resides not only in the high numbers of immigrants from those regions who enter the country, but also in those Portuguese natives returning home after living and working in Africa. The AIDS epidemic in Portugal is also characterized by a relatively high number of HIV-2 infections. 2 Phylogenetic analysis of HIV-2 from infected individuals residing in Portugal showed that subtype A is responsible for the infections studied. 31 However, subtyping data are not available for HIV-1 strains. Because no prior work has documented the molecular epidemiology of the Portuguese HIV-1 epidemic, the present study was undertaken to survey circulating subtypes and transmission patterns of viruses from seropositive individuals, both persons of Portuguese origin and African immigrants, living in the urban area of Lisbon.
MATERIALS AND METHODS

Subjects
In 1998, a collaboration protocol for HIV-1 subtyping was established between Hospital Fernando da Fonseca (HFF, Amadora, Portugal) and our laboratory. HFF provided us with 5-ml blood samples, collected with informed consent, as well as with anonymous epidemiological data, including age, sex, citizenship, and most likely route of infection. HFF is localized in the Lisbon metropolitan area and serves a heterogeneous population of white Portuguese citizens and several generations of individuals originating from former Portuguese African colonies. From October 1998 to December 2000, 241 blood specimens from HIV-1-seropositive individuals (102 females and 139 males), aged 16 to 73 years (average, 35.4 years), were received for analysis. The study group included 141 individuals of Portuguese nationality and 92 Africans (8 with nonreported origin), all residents of Portugal. The main self-reported modes of infection were intravenous drug use (n 5 71) and heterosexual transmission (n 5 109). Six subjects were coinfected with HIV-2. The spectrum of CD4 1 lymphocyte cell counts ranged from ,10 to 1167 cells/ml; 25% of patients had counts of less than 200 cells/ml, indicating that many patients had advanced disease.
Polymerase chain reaction and heteroduplex mobility assay
Blood samples were collected in 3.8% sodium citrate and peripheral blood mononuclear cells (PBMCs) were separated by Lymphoprep (Nycomed, Askes, Norway) density centrifugation. Total cellular DNA was prepared by lysis of 10 7 PBMCs/ml in lysis buffer (10 mM Tris-HCl [pH 8.3], 0.45% Nonidet P-40 , 0.45% Tween 20), addition of proteinase K (10 mg/ml), incubation at 56°C for 1 hr, and inactivation of proteinase K at 95°C for 20 min. env C2V3C3 proviral sequences were amplified from 5-10 ml of cell lysate by nested polymerase chain reaction (PCR), according to the recommendations included with the NIH AIDS Research and Reference Reagent Program (Bethesda, MD) heteroduplex mobility assay (HMA) kit. Primer sets ED3/ED14 and ED31/ED33 were routinely used for the first and second rounds of amplification, respectively. Whenever amplification failed to yield a product visible on ethidium bromide-agarose gels, one or more of the following approaches were used: (1) alternative second-round primers ED5/ED12 or ES7/ES8; (2) five initial cycles at lower annealing temperature (42-50°C); (3) triplenested PCR with primer set ED3/ED14 followed by primer sets ED5/ED12 and ED31/ED33. Samples that still could not be amplified by use of HMA standard primers were tested with the generic primer sets gp40F1/gp41R1 and gp46F2/gp47R2, designed to detect all groups of HIV-1, according to Yang et al. 32 PCR for a cell gene (b 2 -microglobulin) was performed as described elsewhere, 33 for all the specimens in which every attempt of HIV-1 sequence amplification failed. To avoid crosscontamination, physical confinement measures and the use of aerosol-resistant tips were applied to the preparation of PCR mixtures, template extraction, and manipulation of PCR products, for both subject samples and references. Negative con-
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FIG. 1. (A)
Phylogenetic relationships between HIV-1 strains from Portuguese samples, and representative HIV-1 strains from groups M, subtypes A to J (as indicated), O (ANT70), and N (YBF30), using SIVcpzANT as the outgroup sequence. The phylogenetic tree (neighbor-joining) was created from distance matrixes calculated by the Kimura two-parameter method, based on 502 unambiguously aligned nucleotides covering the C2V3C3 genome region. The DNA sequences described in this report are indicated in boldface type. In the G clade, G9 and GA (GA-NG003) are the subgroups defined by Peeters et al. 41 trols were included in all PCRs. The gp120-coding region PCR products from study subjects were genetically compared with subtype reference sequences by heteroduplex mobility assay as described by Delwart et al. 34 Subtype references routinely used were as follows: A2 (IC144), B3 (SF162), C2 (IN868), D1 (UG21), E2 (TH06), F1 (BZ162), G1 (LBV217), G2 (VI525), and H2 (VI557).
For genetic analysis of gag sequences, part of the p24/p7-coding region of the HIV-1 genome was amplified with primer pairs H1G777/H1P202 and H1gag1584/g17, using reaction conditions described for gag HMA by Heyndrickx et al. 35 
DNA sequencing and phylogenetic analysis
Samples exhibiting an indeterminate HMA pattern or an electrophoretic mobility (R f ) below 0.4 compared with the homoduplexes were subtyped by phylogenetic analysis of env (C2V3C3 and gp41). The HIV-1 C2V3C3 DNA fragments analyzed corresponded to PCR products (approximately 500 bp) amplified with primers ED31/ED33. gp41 or gag nucleotide sequences were obtained from PCR fragments amplified by primer sets gp46F2/gp47R2 and H1gag1584/g17, respectively. The different amplicons were directly cloned into pGEM-T Easy (Promega, Madison, WI) and individual clones were se-
ESTEVES ET AL. 316
FIG. 1. Continued.
quenced with fluorescent dye-coupled dideoxynucleotides in an ABI PRISM 377 automated sequencer (Applied Biosystems, Foster City, CA).
DNA and predicted protein sequences were aligned with CLUSTAL W and manually stripped for global gaps. Phylogenetic analysis was performed with both PHYLIP version 3.5 and PUZZLE version 4.0.2. software packages (available online at http://www.igc.gulbenkian.pt). Phylogenetic trees were constructed by the neighbor-joining method (NEIGHBOR), from pairwise distance matrixes calculated with the Kimura two-parameter model (using DNADIST), or by the maximum likelihood approach (implemented in the DNAML program), based on transition-transversion ratios calculated from the input data with the HKY85 model of substitution. 36 The robustness of the generated trees was evaluated by bootstrap analysis of 1000 resamplings, using SEQBOOT. CONSENSUS was used to determine the consensus tree, which was then drawn with TREEVIEW. 37 The putative mosaic structure of nucleotide sequences was investigated with RIP (Recombinant Identification Program). PCOORD (Principal Coordinate Analysis) and SUDI (Subtyping Distance Tool) were used as tools for the definition of subsubtypes. For the latter, we used the following reference sequences: subtype A (Q23CXCCG, SOSE7253, TZSE8538, UGSE6594, UGSE8891, 92UG037, U455, and UG273A); subtype B (HAN, CAM1, JH32, MN, NY5CG, P896, RF, SF2, and YU2); subtype C (92BR025, 96-BW0502, CJ259A, ETH2220, 301904, 301905, 301999, and UG266A2); subtype D (SE365A2, 94UG1141, UG266A2, UG274A2, 84ZR085, JY1, NDK, and Z2Z6); subsubtype F1 (93BR0201, BZ126A, BZ163A, and FIN9363); subsubtype F2 (MP255 and MP257); subtype G (DRCBL, HH8793, LBV217, 92NG083, and SE6165); subtype H (90CF056, VI991, and VI997); subtype J (SE9173 and SE9280); subtype K (EQTB11C and MP535); and the outgroup sequence SIVcpzGAB1. The genetic distances between subtypes B and D, as well as subsubtypes F1 and F2, were used as intersubsubtype references. HIV-BLAST was used to search for HIV DNA sequences with the highest homology to those presented in this study. RIP, PCOORD, SUDI, HIV-BLAST, and also all the reference sequences used, are available online at the HIV Sequence Database (http://hivweb.lanl.gov/).
Statistical analysis
Statistical analysis included, when appropriate, p values of the x 2 test, the x 2 test with Yates' correction, and the two-tailed Fisher exact test.
RESULTS
Subtyping and epidemiological data
During the 2-year study period, proviral DNA extracted from 241 blood samples was amplified in the env C2V3C3 region by nested PCR. No amplification product was obtained in 36 cases (14.9%) despite repeated attempts, alternative PCR protocols, and successful amplification of b 2 -microglobulin DNA. Twothirds of the nonamplified samples were derived from both Portuguese and African individuals with CD4 1 counts .500 cells/ml and/or viral loads ,10 4 copies/ml; this could, at least in part, account for these results. These samples were subjected to PCR amplification with gp41 primers, which amplify HIV-1 isolates of groups M, N, and O, 32 and proviral DNA was successfully amplified in 12 of them (33.3%). Of the 12 samples whose DNA was amplified with the gp41 primers, but not with the C2V3C3 primers, 7 corresponded to individuals with high (Fig. 1A) confirmed 17 B sequences with low R f values in HMA gels and identified 24 subtype G strains, 10 subtype A (7 of which cluster with CRF02_AG sequences, but only with a bootstrap value of 706), 5 subtype D, 2 each for subtypes F and C, and 1 each for subtypes H and J. It is noteworthy that most of the subtype G samples had an undetermined result by HMA because of a similar electrophoretic migration profile of the heteroduplexes formed with subtype A and G references supplied with the kit. The phylogenetic tree in Fig. 1A shows a clear separation of the different HIV-1 subtypes, the great majority of which are supported by high bootstrap values. The single exception corresponds to the one defining subtype A (bootstrap value of 622). However, all the defined subtypes are in agreement with the results previously obtained by HIV-BLAST. All the nucleotide sequences segregating as separate branches from the main clusters were analyzed by RIP (with a window of 80 nucleotides and a threshold of significance of 90%) to try to define intragenic mosaic structures but no statistically significant results were obtained. A complementary analysis (using maximum likelihood) based on the group of sequences found to belong to subtype B showed that three of them (PT170, PT947, and PT482) cluster with a group of HIV-1 sequences described as GB recombinants 12 with a statistically significant bootstrap value of 917 (data not shown). Although our analysis did not include analysis of the pol sequences that characterize the HIV-1 GB recombinants, we tentatively suggest that the three sequences mentioned previously might have been amplified from GB recombinant proviral DNA. Another strongly supported subgroup of B sequences (clustering with a bootstrap value of 972) is evident from the NJ tree analysis, suggesting a possible epidemiological link between sequences PT227, PT410, PT079, PT446, PT594, and PT893.
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Phylogenetic analysis performed for gp41 nucleotide sequences (Fig. 1B) revealed six strains belonging to subtype B, one to F, four to G, and one to A. All the subtype G gp41 sequences and five of the six subtype B gp41 sequences formed separate clusters in the tree. Although the clustering of HIV-1 subtype B variants in a singular subgroup is not clearly bootstrap supported (bootstrap value of 689), the same does not apply to the G sequence cluster, which is held separately by a bootstrap value of 891 from any of the subtype G sequences use.
The overall results from the three subtyping approaches are summarized in Tables 1 and 2 . Subtype B is present in 109 (50.2%) of the 217 specimens tested. Forty-seven individuals (21.7%) are infected with subtype G, 38 (17.5%) with subtype A, and 12 (5.5%) with subtype F. Subtypes C, D, H, and J account altogether for 5.1% of the infections in the population studied. Analysis of epidemiological and subtyping data (Table 1) demonstrates that there is no association between subtype distribution (B vs. non-B) and sex, age, or transmission (Table 1) . However, a strong association between HIV-1 subtype distribution (B vs. non-B) and the geographic origin of the seropositive individuals (Portuguese vs. immigrants from sub-Saharan Africa) (x 2 test with Yates' correction, p , 0.001) is observed. Subtype B was significantly more frequent in Portuguese than in individuals originating from Africa (66.9 vs. 22.6%), whereas non-B strains were found predominantly among Africans (77.4%). Phylogenetic analysis for both C2V3C3 and gp41 sequences (Fig.  1A and B) does not show significant clustering of samples that could be correlated with geographic origin, age, or sex of the subjects from whom they were derived, and the branching pattern of sequences from individuals within risk groups does not suggest founder effects. Table 2 shows that subtypes G and A are the most abundant non-B subtypes in both Portuguese and immigrant populations, accounting altogether for 78.7% of all non-B viruses. The great majority of the immigrants studied (n 5 84) originated from sub-Saharan Africa, namely from five different Portuguesespeaking countries. Among HIV-1 strains from Angolan individuals we found eight established env subtypes (A, B, C, D, F, G, H, and J), suggesting a high diversity of group M subtypes circulating in that country. Cape Verde Islands and São Tomé and Príncipe samples are both infected with subtypes A, B, F, and G, whereas among those from Guinea-Bissau subtype A is prevalent. Figure 2A shows the alignment of multiple amino acid sequences deduced from the C2V3C3 nucleotide sequences used for phylogenetic analysis, grouped according to each subtype consensus. Most of the strains encode V3 loops composed of 35 amino acids bounded by a conserved cysteine-cysteine disulfide bridge. In four viral strains (subtype B PT482 and PT457, subtype D PT073, and subtype G PT004) the V3 loop 39 cysteine is missing. Seven isolates possess 34 amino acid residues (subtype A PT522; subtype B PT301 and PT695; subtype D PT073, PT418, and PT787; and subtype G PT269) in the V3 loop and one isolate has 33 residues (subtype D PT317), whereas two isolates (subtype B PT968 and subtype D PT307) have one additional residue relative to each of the subtype consensuses. At the crown of the V3 loop, 11 different sequences were found. GPGR is found predominantly (58.8%) in the 17 subtype B strains sequenced and GPGQ is the most common (75.6%) for all other subtypes. Unusual crown motifs GVPGE and PGQ were documented for subtype B and GPGT and APGT were documented for subtype G sequences. High inter-and intrasubtype diversity is observed in the V3 loop cytotoxic T lymphocyte (CTL) epitope (amino acid positions 306-325) and in the principal antibody-neutralizing determinant (PND) V3 loop crown sequence (positions 309-317). Potential N-linked glycosylation sites are relatively conserved through most of the C2 region and inside the V3 loop (positions 301-303). High variability is observed for glycosylation sites flanking the V3 loop (positions 289-291, 295-297, and 332-334). However, selective pressure seems to operate in order to maintain a minimum of glycosylation at the base of the V3 loop, because, most of the time, when one glycosylation motif is lost another emerges close to the previous one ( Fig. 2A) .
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C2V3C3 amino acid sequence analysis
It is known that the emergence of HIV-1 variants with a syncytium-inducing (SI) phenotype during the natural course of infection correlates with disease progression and may be involved in AIDS pathogenesis. The macrophage-tropic, nonsyncytium-inducing (NSI) viruses are the predominant viruses found in the asymptomatic stage, whereas the T celltropic, SI viruses are often isolated from patients with AIDS.
The majority of NSI strains tested infect CCR5 cells and possess the V3 loop amino acid sequence S/GXXXG-PGXXXXXXXE/ D (X representing any amino acid). 38 SI viruses usually use CXCR4 as coreceptor, are associated with positively charged residues at positions 306 and 322, and an overall V3 loop net charge above 16.
39 Independent of the genetic subtype, most of the V3 loops sequenced have noncharged amino acids at the above-described positions and have an amino acid motif predictive of CCR5 usage. The presence of basic residues at position 306 or 322 was observed for nine of the sequences (subtype B PT893, PT709, PT508, PT947, PT170, PT079, and PT301, and subtype G PT037 and PT269). All but four sequences (PT947, PT170, PT037, and PT269) have an overall V3 loop charge equal or less than 16 (determination made with Pepstats, available online at http://bioweb.pasteur.fr/seqanal/interfaces/pepstats. html). Individuals infected with viral isolates PT508, PT037 and PT269 have already developed AIDS, whereas those infected with PT893, PT709, PT170, and PT301 are symptomatic carriers with CD4 1 cell counts ,200/ml. Figure 2B shows alignments of the predicted gp41 N-terminal amino acid sequences, compared with consensus sequences A, B, F, and G. This region includes two immunodominant domains: cluster I (amino acids 571-614), containing the CTL epitope (positions 582-593; AVERYLKDQQLL) and the cysteine loop (positions 598-604; CSGKLIC), and cluster II (positions 637-685), containing the ectodomain region (positions 662-667; A/ELDKWA) that has been implied in viral entry. 40 Both the CTL epitope and the ectodomain sequences revealed a high degree of inter-and intrasubtype amino acid conservation. Compared with the Los Alamos amino acid G consensus, mutations T612A, M626L, I629V, I646L, and K677N (Fig. 2B) were observed for all the subtype G strains and might reflect the subcluster (supported by a bootstrap value of 891) formed by these sequences in the phylogenetic tree (Fig. 1B) . The CTL epitope for the subtype A sequence presents an amino acid substitution (V583L) typical of CRF02_AG viruses.
gp41 amino acid sequence analysis
Subtype G subclusters
From the topology of the C2V3C3-based phylogenetic tree presented in Fig. 1A it becomes clear that the great majority of the Portuguese subtype G HIV-1 sequences form two separate subclusters, tentatively named G P and G P 9, supported by high bootstrap values of 925 and 980, respectively. Both groups segregate away from the subtype G reference nucleotide sequences used in our phylogenetic analysis, which include two distinct subclusters of Nigerian sequences defined by Peeters et al. 41 and designated GA-NG003 and G9. The subclusters were confirmed by maximum likelihood analysis (data not shown) and by multivariate principal coordinate analysis (Fig. 3) . The coordinate scores obtained by PCOORD are strong, covering 26% of the total variation in the DNA sequences analyzed (14% for the first coordinate and 12% for the second), indicating a clear distinction between the two groups of subtype G HIV-1 sequences. No specific epidemiological feature, including geographic origin, age, sex or risk group, was associated with the clustering.
The DNA sequences included in the G P subcluster, the one most distantly related to any of the other subtype G sequences, were further analyzed by SUDI, which has been developed specifically to determine whether new lineages of sequences represent new subtypes or subsubtypes. Consistent with previous reports, 3, 42 analysis of the reference set yielded intrasubtype distances of 8 to 16%, intersubsubtype distances of 16 to 23%, and intersubtype distances ranging from 22 to 29%. For the newly described G P sequences, as expected, subtype G was identified as the closest relative, whereas the distance values derived from comparisons between the new sequences and the prototypic subtype G sequences fell within the subsubtype range (15 to 22%). These data suggest that the G P subcluster may constitute a subsubtype within the subtype G radiation.
Sequences from both groups G P and G P 9 show significant amino acid differences when compared with the G consensus sequence or with each other. Statistical analysis by two-tailed Fisher exact test demonstrated that the presence of some amino acid residues at particular positions is strongly associated with the G P subcluster. G P strains possess four amino acid signatures at positions E268G, N295T, V333I, and K346T (indicated by Nine isolates from the main cluster G P were PCR amplified and sequenced in the p24/p7-coding region. Phylogenetic analysis (data not shown) confirmed the subclustering observed for the C2V3C3 sequences (bootstrap value of 994). Gag putative amino acid alignment did not show significant differences when compared with the subtype G amino acid consensus. However, at the nucleotide level, on comparison with the subtype G nucleotide consensus, eight absolutely conserved silent mutations were found, and four others were present in 88.9% of the sequences (data not shown).
DISCUSSION
In this study, we evaluated the diversity of HIV-1 envelope subtypes circulating in Portugal. The subtype screening of 241 HIV-1 strains was successfully accomplished by HMA for 143 samples and by phylogenetic analysis for 74 samples. Twentyfour specimens (10%) were systematically nonamplifiable by PCR. HIV-1 subtype B is the most prevalent but seven non-B subtypes (A, C, D, F, G, H, and J) were found in half of the cases studied.
The high level of genetic diversity detected among HIV-1 strains circulating in Portugal may account, at least in part, for the high numbers of HIV-1 strains with indeterminate HMA profiles and of samples not amplified by the PCR primers included in the standard gp120-based HMA kit. One-third of the latter samples were amplified with more generic gp41 primers. Difficulties of PCR amplification with gp120 primers included in the HMA kit and ambiguous migration profiles for subtype A (IbNG-like) and G viruses were previously observed in molecular epidemiology studies performed in Nigeria 41, 43 and Democratic Republic of Congo. 44 Our results, showing subtype B predominance in Portugal and cocirculation with non-B strains is consistent with the HIV-1 subtype distributions described for other European countries. However, the Portuguese population studied shows a much higher prevalence of non-B subtypes. The majority of these viruses were found to infect African immigrants, but the prevalence among Portuguese-born individuals was 33.1%, which is remarkably high. This value is probably not representative of the Portuguese white population as a whole and might be biased by local proximity and social interactions with African communities, but still we should be aware of the easy introduction and spread of non-B strains and their practical implications in dealing with the epidemic. This is the first study reporting HIV-1 subtypes from a significant number of samples from Angola (n 5 25) and Cape Verde Islands (n 5 34). Our finding of subtypes A, B, C, D, F,
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FIG. 3.
Results of multivariate principal coordinate analysis (PCOORD) of the groups G P and G P 9. The axes are the two dimensions that were first extracted; together they cover 26% of the total differences between the two groups. The first 10 axes cover 66% of variation. A (Q23CXCCG), B (HXB2), C (92BR025), and F (93BR020.1) represent corresponding subtype reference sequences. L and R indicate HIV-1 nucleotide sequences that have been included in the groups G P and G P 9, respectively. G corresponds to HIV-1 subtype G reference sequences (RU131, NG0832, VI525, 96NG-LCSW218, 96NG-MACSW085, 96NG-IKCSW22, KOP9, NG003, and LBV21-7).
G, H, and J in Angolan individuals is consistent with those reported for the northern neighboring countries of Congo 45 and Democratic Republic of Congo. 44, 46 These data suggest that the epidemic in Angola follows a pattern closer to that described for West/Central Africa, rather than that characteristic of southern Africa, where HIV-1 subtype C dominates. Until now, the sporadic cases of genetic characterization of HIV-1 strains associated with Angola included subtypes F, G, and H. 11, 47 Individuals originating from Cape Verde Islands are infected mainly with subtypes G, B, and A. It is noteworthy that about half the subtype F strains screened were found among this group. As previously reported, 48 HIV-1 subtype A is prevalent in GuineaBissau natives.
Most of the subtype A samples analyzed seem to be closed related to CRF02_AG env sequences, which are prevalent in West Africa. 49 Three subtype B samples (PT482, PT947, and PT170) formed monophyletic clusters, supported by bootstrap values of 922 (data not shown), with V3 sequences from BG recombinant viruses identified in Galicia 12 and with the Portuguese BG recombinant isolate HC10. 50 Taken together, these two findings indicate that a still undetermined proportion of viruses circulating in Portugal might be recombinant forms, which further increases the genetic diversity of Portuguese strains.
In our analysis, we have found a broad spectrum of sequences at the tip of the V3 loop. Eleven different motifs were represented in a total of 62 sequences analyzed, including some unusual ones (GVPGE, PGQ, GPGT, and APGT). The V3 loop is an important functional and biological domain for virus neutralization, cell tropism, and syncytium-inducing capabilities. The high variability observed should, therefore, be taken into account in interventions relying on V3 peptide epitopes.
Analysis of the V3 loop characteristics correlated with syncytium formation and coreceptor usage demonstrated that most sequences are typical of NSI/R5 viruses, whereas nine of them might belong to the SI/X4 type. Seven subjects infected with these viruses developed AIDS or are symptomatic carriers with low CD4 1 cell counts, demonstrating a good correlation between the predicted viral properties and disease progression.
The finding that Portuguese sequences from the most prevalent subtypes (A, B, and G) are not clustered together suggests multiple introductions of those viruses. Interestingly, two clusters of HIV-1 subtype G isolates were seen; one, G P 9, is more closely related to the prototypic G strains than the other, G P , which shows distant genetic relationships to the reference sequences in the tree and could represent a new G subsubtype. The confirmation of these results will wait until the full genome sequence becomes available.
In conclusion, at least eight subtypes (A, B, C, D, F, G, H, and J) and, most probably, two CRFs define the HIV-1 infection in Portugal. Predominance of subtype B was observed but non-B strains, as a whole, were identified in half of the samples analyzed. Our results emphasize the change in the current global distribution of HIV-1 variants, mainly through immigration. The genetic diversity observed could be responsible for the difficulties with HMA subtyping. Introduction of new primers/reference strains in the gp120-HMA kit and/or the use of the gp41-HMA approach 43 might be useful to minimize these problems. Circulation of non-B strains could have significant implications for the Portuguese population, both for the efficacy of antiretroviral therapy and viral load assays. In the absence of well-established correlates of immunity or protection, the issue of viral subtype diversity will continue to be an important consideration in the design of appropriate vaccines to elicit broad protective immunity against all known HIV-1 subtypes. In light of the high diversity of HIV-1 env subtypes in Portugal, our data reinforce the need for continuous epidemiological surveillance and further analysis of other genome regions.
